Acute supratentorial intracerebral hemorrhage (sICH) with secondary sepsis is increasing in frequency. We investigated whether no awakening (NA) after sICH with coma is potentially caused by sepsis-associated encephalopathy (SAE).
Background
Sepsis is defined as a host reaction to infection that is characterized by life-threatening organ dysfunction [1] and has an annual incidence of 50.9 million from high-income country data worldwide [2] . Sepsis is associated with an increased risk of encephalopathy following systemic infection [3, 4] , which is known as sepsis-associated encephalopathy (SAE) or septic encephalopathy. SAE is the most common type of acute encephalopathy observed in various intensive care units (ICUs), with an incidence of 70% of septic patients [3, 4] . The high risk of encephalopathy in septic patients may be attributed to systemic metabolic derangements, altered brain metabolism, abnormal neurotransmitters, inflammatory cytokines, bloodbrain barrier dysfunction, bacteria and/or endotoxins that directly affect the central nervous system [5, 6] , coupled with an altered response to systemic inflammation due to infection. Therefore, SAE is a significant risk factor for increased morbidity and mortality after infection [7] .
Acute supratentorial intracerebral hemorrhage (sICH) exhibits a 28-day mortality rate of 43.0% [8] . The incidence of intracerebral hemorrhage (ICH) patients who are at high risk for infections has increased [9] [10] [11] , and as a result, the number of patients with ICH and SAE is also increasing. The mortality rate of SAE ranges from 51.0 to 71.9% [7] , but the prognosis for sICH concurrent with SAE may be worse. However, few reports have discussed the prognostic factors that affect the neurological outcome of sICH in patients with SAE. We thus examined the frequency of SAE after sICH in patients with coma and assessed whether the early burden of no awakening (NA) was associated with an increased risk of SAE.
Material and Methods

Study setting
This study was a retrospective case-control study of all registered patients within 2 different time periods at 2 adult neurologic ICUs in China (Jun 1, 2010, through Jul 31, 2012, at Affiliated Shuyang People's Hospital, Xuzhou Medical University, and Jan 1, 2008, through Dec 31, 2009 , at Affiliated Pingxiang Hospital, Southern Medical University). NA was defined as persistent severely disturbed consciousness, with a Glasgow Coma Scale (GCS) score <9 in the absence of sedation and a lack of awakening with loud calls before hospital discharge or death. In total, 147 sICH patients with NA were age-and sexmatched with 198 sICH patients with subsequent awakening (SA). The Ethics Committee on Clinical Research of Shuyang People's Hospital, China, approved the study. The study was in full compliance with the Helsinki Declaration, and written informed consent was obtained from the nearest relative or a person who had been designated to give consent on admission of the patient.
Patient identification
Based on the International Statistical Classification of Diseases 10 th Revision (ICD-10) by the WHO, released in 1994, data were searched retrospectively to identify all patients with a primary diagnosis of sICH with a coma event (code I61.9, R40.2) in a 4-year period.
The diagnostic criteria for SAE in sICH patients with coma, used to determine eligibility for study inclusion, are as follows: (1) organ dysfunction caused by infection [1] , and (2) coma that could not be explained by isolated sICH, e.g., if the hematoma was reduced or absorbed, the patient still did not wake up from the coma. The following exclusion criteria were used for SAE: 1) presenting evidence of meningitis/encephalitis; 2) presenting evidence of significant ICH growth; 3) presenting other acute primary encephalopathy, including an endocrine disorder, isolated hypernatremia or hyponatremia; and 4) presenting evidence of organ dysfunction due to the effects of sedatives or other medicine.
Clinical assessment
All patients underwent an initial brain CT scan on admission and at least 1 repeat brain CT after coma onset. The most recent CT after coma onset was used for all patients. Hematoma volumes on admission and the closest time of rebleeding were determined using the standard ABC/2 formula (where A is the longest diameter of the hematoma, B is the widest diameter of the hematoma, and C is the layer thickness of the hematoma) [12] . A midline shift on head CT was measured as described previously [13] . Cisterns were assessed using Marshall Scale criteria [14] .
The infection was identified based on the approach established by the Centers for Disease Control and Prevention [15] . Confirmed infection was defined as positive microorganisms found in body fluid culture or a focus of infection found by imaging, such as lung CT or chest radiography. Suspected infection was defined primarily as fulfilling ≥2 systemic inflammatory response syndrome (SIRS) criteria, with exclusion of non-infectious fever, central high fever, and thyroid crisis. Based on the results, patients with infection were classified into the NA group or SA group. The clinical data on infections in the NA group were from before coma.
Organ failure was defined as a Sequential Organ Failure Assessment (SOFA) score ³2 for a particular organ after the onset of infection [16] . The following were considered to be equivalent to a SOFA score ³2 for a particular organ (on a scale from 4409 0 to 4, with higher scores indicating more severe organ failure): GCS score <13=brain failure; bilateral infiltrates on chest thorax radiography and an arterial oxygen pressure/fraction of inspired oxygen ratio (PaO 2 /FiO 2 ) £300 or a need for supplemental oxygen to maintain >90% oxygen saturation=respiratory failure; hypotension (systolic blood pressure (SBP) <90 mmHg, mean arterial pressure <65 mmHg or decrease of >40 mmHg in the systolic pressure)=circulation failure; total serum bilirubin >33 µmol/L=liver failure; creatinine >171 µml/L=renal failure; and platelet count £100×10 9 /L=blood failure.
The following data were analyzed in sICH patients with NA or SA events: age, sex, underlying disease, hematoma location, hemorrhage growth, hematoma volume, accompanying intraventricular hemorrhage, initial National Institutes of Health stroke scale (NIHSS) score, Acute Physiology and Chronic Health Evaluation II (APACHE II) score, body temperature, blood pressure, heart rate, respiratory rate, creatinine, bilirubin, serum glucose, white blood cell (WBC) count, platelet count, SOFA score, chest X-ray or CT scan, and body fluid cultures. We also recorded the GCS score, the onset-to-coma time, and the length of ICU stay. Outcomes were assessed at 30-day follow-up.
Related definition
Significant ICH growth was defined as hematoma enlargement >33% [17] or hematoma enlargement that led to a brain herniation. Brain herniation was divided into uncal and central types [18] . A downward displacement of the brain through the tentorial opening was noted in both types of herniation. Central herniation was defined as compression of the Ascending Reticular Activating System (ARAS) in the central diencephalon, radiological midline shift and peri-mesencephalic cistern compression, with clinical stupor or coma. Uncal herniation patients were more likely to exhibit unilateral uncal gyrus downward displacement, midbrain compression and ARAS compression than bilateral displacement; radiological midline shift with third nerve compression and clinical coma, pupil asymmetry >2 mm, and loss of reactivity to light.
Statistical methods
The quantitative results in each group are expressed as the mean ± standard deviation (SD) or the median (interquartile range (IQR)), and n (%) is used to express qualitative values. Patients without awakening were compared with patients with awakening using univariate analysis. Fisher's exact test and the Mann-Whitney U test were used to examine the relationship between baseline patient variables. Continuous variables were compared using Student's t test. Multivariate regression analysis was performed with age and sex adjustment. All p-values were 2-sided, and significance was set at p<0.05.
Statistical calculations were performed using a proprietary computerized statistics package (SPSS 10.0).
Results
There were no statistically significant differences in age, sex, hemorrhage location, or underlying diseases. The onset-to-coma time (median) was 2.0 days in the NA group and 0.5 days in the SA group. The difference in the onset-to-coma time between the 2 groups was statistically significant (p=0.001). The GCS score and the length of ICU stay were also significantly different (p<0.05) between the 2 groups. Hematoma aspiration was slightly less frequent in patients with NA than in patients with SA, but the difference was not significant (p>0.05). During the follow-up for patients with or without awakening, the mortality rate at 30 days was 54.4% (80/147) in the sICH patients with NA and 0.0% (0/198) in the sICH patients with SA events (Table 1) . Table 2 shows the clinical manifestations of infections in sICH patients with NA and SA. In total, 83 (56.5%) patients who met the sepsis criteria were diagnosed in the NA group, whereas only 20 (10%) patients with sepsis were diagnosed in the SA group. A difference in the prevalence of sepsis between the 2 groups was noted (p=0.000). The median time from onset to infection in these septic patients was 36 hours (range 1-168 hours). The rates of fulfilling ³2 SIRS criteria (67.3% vs. 22.2%, p=0.000), confirmed infection (98.0% vs. 24.2%, p=0.000), and hospital-acquired infection (38.9% vs. 16.7%, p=0.000) were higher in the NA group than in the SA group. The most common infection focus in patients with NA was primarily respiratory or blood infection. NA -no awakening; SA -subsequent awakening; OCT -onset-to-coma time; GCS -Glasgow Coma Scale; SOFA -sequential organ failure assessment. Table 3 . Univariate analyses of supratentorial intracerebral hemorrhage patients with NA or SA.
Manifestation of infection
NA -no awakening; SA -subsequent awakening; SBP -systolic blood pressure; DBP -diastolic blood pressure; SAE -sepsisassociated encephalopathy; APACHE II -acute physiology and chronic health evaluation II; SOFA -sequential organ failure assessment.
Variable NA (N=147) SA (N=198) OR (95%CI) P volume SOFA score 6.3±1. 
Discussion
A high prevalence of infection in patients with ICH has been demonstrated in certain studies [9] [10] [11] . Sepsis is not rare in patients with stroke [10, 19, 20] . SAE is secondary to sepsis, but positive blood-based microbiological testing is only observed in one-third of cases [1] . However, sepsis has been newly defined as life-threatening organ dysfunction due to a dysregulated host response to infection [1] , rather than a positive culture. Our study showed that the rate of confirmed infection and the SOFA score were significantly higher in patients with NA than in patients with SA, which supports the idea that sepsis most frequently occurs in patients with sICH with NA.
There are some well-known causes for the sICH that most commonly precipitate sICH, including a rupture of small penetrating arteries due to long-standing hypertension and other vascular abnormalities [21] . Probably, cerebral amyloid angiopathy is also relatively common [22] , whereas coagulation dysfunctions are less common [23] . However, previous studies reported that 3 prognostic factors, namely, GCS score, ICH volume, and the presence of intraventricular hemorrhage, are related to neurological outcome in ICH patients [24] [25] [26] [27] , rather than its onset causes. Recent studies also emphasized that the initial neurological status, indicated by the hematoma volume, including early hematoma growth, was a contributing factor to poor outcomes in sICH [28, 29] . Brain herniation appears to generally result from a supratentorial mass effect [30] , which is associated with NA due to compression of the ARAS in the upper brainstem. However, the present study suggests that brain herniation events did not differ in frequency between the groups and that the hematoma volume in patients with NA was smaller than that in patients with SA; this difference was statistically significant. In fact, NA has a worse outcome. Therefore, the prognostic impact of hematoma volume on ICH patients may not be isolated.
In addition to hematoma volume, the univariate analysis showed that higher temperature, increased pulse rate, SAE, low SBP or DBP, septic shock, a higher SOFA score, a lower NIHSS score, midline shift, and diffuse cerebral swelling were significantly associated with NA. However, in the multivariable regression analysis, only a higher SOFA score and SAE were identified as independent predictors of NA in patients with sICH.
The present data demonstrate that patients with NA and SAE are significantly more frequent than patients with SA. Moreover, clinical NA was associated with a higher SOFA score. This evidence strongly supports the idea that NA in sICH patients is potentially caused by SAE.
However, what explains the NA events in sICH patients with secondary SAE? Our findings suggest 3 possible answers. First, the NA events were not explained by isolated sICH, as above; rather, secondary SAE can also lead to NA, and SAE patients had a low GCS score, which is consistent with a previous study [6] . Second, the higher SOFA score implied secondary brain failure. Previous studies suggested that the high mortality rate in SAE was mostly due to multiple organ failure (i.e., a higher SOFA score), such as brain, pulmonary, cardiovascular, renal, or hepatic dysfunction [6, 31] . Third, our current study showed that the median time from symptom onset to brain failure (coma) was longer in the NA group than in the SA group, suggesting that patients with NA and sICH were more likely to have late-onset SAE. These 3 factors may jointly affect the host response and increase the risk of persistent NA, which contributes to apoptosis and necrosis. A recent study has found that acupuncture may protect the brain by changing expression of apoptotic factors in the brain [32] ; therefore, it is worth recommending for ICH patients with NA.
Certain limitations in the present study should be considered. First, inflammatory cells and mediators are important confounding factors in ischemic brain injury [33] , and subcortical white-matter ischemic lesions and microinfarctions are confirmed [5] . Therefore, brain MRI is more important than CT in ICH patients with SAE. However, MRI was not performed in this study. Second, although SAE was considered the cause of NA in patients, nonconvulsive status epilepticus (NCSE) has been recognized as another cause of impaired consciousness [34] . However, our patients with NA did not undergo electroencephalogram monitoring, so they may have been misdiagnosed and mistreated NCSE patients. Although our data included only patients with severe SAE and certain suddenly comatose patients whose coma could have been caused by NCSE, we excluded cases with non-infectious causes, cases of hematoma expansion, and cases with non-septic encephalopathy. Therefore, the high prevalence of SAE events in sICH patients with coma should not have been overestimated.
Conclusions
NA in sICH patients is potentially caused by secondary SAE. This result confirms research-based evidence that SAE in patients with sICH and coma need to be examined in further brain MRI studies.
